
CLINICAL AND COMMUNITY STUDIES

ETUDES CLINIQUES ET COMMUNAUTAIRES

Relation between cardiorespiratory fitness
and selected risk factors for coronary heart disease
in a population of Canadian men and women

Maurice Jette,* PhD; Ken Sidney,t PhD; Josee Quenneville,* MSc; Fernand Landry,4 PhD

Objective: To determine the relation between cardiorespiratory fitness, as determined
with the Canadian Aerobic Fitness Test (CAFT), and selected risk factors for coronary
heart disease (CHD) in a Canadian population.
Design: Cross-sectional study. On the basis of age-specific and sex-specific national
percentile scores, subjects were classified as being in the low-fitness, moderate-fitness or

high-fitness category according to maximum oxygen consumption (V02 max) predicted
from performance on the CAFT.
Participants: A total of 4082 male and 1205 female Canadian federal public servants
aged 30 to 59 years who participated in a voluntary fitness testing program between
1984 and 1991.
Outcome measures: Body composition (body mass index, triceps skinfold thickness, sum
of four skinfold measurements, predicted percentage of body fat and waist-hip ratio),
blood lipid levels (total cholesterol, triglycerides, high-density lipoprotein cholesterol
[HDL-C], low-density lipoprotein cholesterol and ratio of total cholesterol to HDL-C)
and hemodynamic measurements (heart rate and blood pressure at rest and during
exercise and predicted Vo2 max).
Main results: For both men and women the mean anthropometric measurements, blood
lipid levels and blood pressure measurements at rest and after exercise were significantly
associated with fitness category (p < 0.05).
Conclusions: In both men and women a higher level of aerobic fitness, as defined by Vo2

max predicted from performance on the CAFT, is associated with a more favourable
CHD risk profile. The results support the use of Vo2 max predicted from performance
on the CAFT as a valid procedure for classifying people according to fitness level.

Objectif: Determiner la relation entre la condition aerobie, telle que mesur&e par le
Physitest Aerobie Canadien (PAC), et certains facteurs de risque de coronaropathie dans
une population canadienne.
Conception: Enqu&e transversale. En fonction de scores percentiles a l'chelle nationale
specifiques selon l'age et le sexe, on a classe des sujets en categories de faible, moderee et
elevee condition physique selon la consommation maximale d'oxygene (Vo2 max)
predite a partir des resultats au PAC.
Participants: Au total, 4 082 hommes et 1 205 femmes, membres de la Fonction
publique federale du Canada, ages de 30 a 59 ans ont participe volontairement a un

programme d'evaluation de la condition physique entre 1984 et 1991.
Mesures des resultats: Composition corporelle (indice de la masse corporelle, epaisseur
du pli cutane tricipital, somme de quatre mesures des plis cutanes, pourcentage predit
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du taux d'adiposite corporelle et du rapport abdomen-hanche), taux de lipides sanguins
(cholesterol total, triglycerides, cholesterol a lipoproteines de haute densite [HDL-C],
cholesterol a lipoproteines de basse densite et rapport entre le cholesterol total et le
HDL-C) et mesures hemodynamiques (frequence cardiaque et tension arterielle au repos
et a l'effort et la Vo2 max predite).
Principaux resultats: Chez les hommes et chez les femmes, les moyennes des mesures
anthropometriques, des taux de lipides sanguins et des mesures de la tension arterielle
au repos et apres l'effort etaient reliees de facon significative a la capacite aerobie (p <
0,05).
Conclusions: Chez les hommes et chez les femmes, une meilleure capacite a6robie, telle
que definie par la Vo2 max predite selon les resultats au PAC, est reliee a un profil de
risques plus favorable de coronaropathie. Les resultats appuient l'utilisation de la Vo2
max telle que mesuree par le PAC comme une methode valable pour classer les
personnes selon leur condition physique.

R egular physical exercise has a beneficial ef-
fect on health and well-being. An ever-grow-
ing number of epidemiologic studies confirm

the inverse relation between physical activity and the
incidence of coronary heart disease (CHD).'-10 Fur-
thermore, myocardial infarction not only occurs
more often among sedentary people than among
active people but also is more often fatal and
occurs at a much lower age."'-" Although the epi-
demiologic evidence has been labelled as circum-
stantial,4 the statistical consistency of these stud-
ies is supported by laboratory results'4-26 and pro-
vides a strong argument that regular, vigorous
physical activity plays a role in the prevention of
myocardial infarction.

The effects of physical training include reduced
levels of total cholesterol and low-density lipoprotein
cholesterol (LDL-C),'4 increased levels of high-densi-
ty lipoprotein cholesterol (HDL-C),'5'6 increased
insulin receptor density,'7 '8 increased glucose clear-
ance,'9 reduced blood pressure20- 22 and increased
fibrinolytic activity of plasma.2S Other studies
have shown an inverse relation between fitness level
and the incidence of CHD as well as the number of
risk factors for CHD.6'026 The investigators typically
used relatively simple methods to assess fitness, and
most employed limited samples or population
groups, which restricts the generalizability of their
findings.

We have for a number of years been involved in
the fitness testing and health profiles of federal
public servants from across Canada attending man-
agement courses in the Ottawa area.27 Although
involvement in the fitness testing session is volun-
tary, the participation rate for these on-site sessions
is usually greater than 90%. The fitness module
includes assessment of health status and physical
fitness (including cardiorespiratory fitness, as as-
sessed with the Canadian Aerobic Fitness Test
[CAFT]28). As such, the data accumulated over the
years for these public servants constitute a unique
source of information to evaluate the relations be-
tween certain risk factors for CHD and level of

fitness. The purpose of this study was to determine
the relation between maximum oxygen consumption
(Vo2 max), as predicted by performance on the
CAFT, and selected CHD risk factors in a Canadian
population.

Methods

Before undergoing testing the participants com-
pleted a consent form and a questionnaire on readi-
ness for physical activity.27 Those who had a heart
problem or hypertension or were taking medication
that could influence their response to exercise testing
were excluded. A total of 4082 men and 1205
women aged 30 to 59 years underwent testing
between 1984 and 1991.

The resting heart rate and blood pressure were
measured and a sample of venous blood was with-
drawn (after at least 10 hours of fasting) between 7
and 8 am. The triglyceride concentration was
analysed by means of an enzymatic assay after
saponification with ethanolic potassium hydroxide
(Test-Combination Triglycerides, Neutral Fat kit;
Boehringer Mannheim [Canada] Ltd., Laval, Que.).
The total cholesterol concentration was determined
by means of an enzymatic colorimetric method with
the Cholesterol C-system, CHOD-PAP kit (Boehr-
inger Mannheim). The HDL-C concentration was
analysed with the Precipitant kit (Boehringer Mann-
heim) after the chylomicrons, very-low-density cho-
lesterol and LDL-C were precipitated.

Anthropometric measurements were taken and
the CAFT was administered between 9 am and
noon. Anthropometric variables included height,
weight, girth of chest, waist, hips and thighs, and
skinfold measurements over the triceps, biceps and
subscapular muscles and above the ilium.29 From
these measurements we derived the following in-
dices: sum of four skinfold measurements, predicted
percentage of body fat,30 body mass index (BMI)28
and waist-hip ratio.

The subject then performed the CAFT,28 which
consists of a series of stepping sequences of progres-
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sively increasing intensity done on double steps 20.3
cm in height to a six-count recorded musical rhythm.
The test begins with a 3-minute warm-up stage (stage
A) at an intensity corresponding to 65% to 70% of
the average aerobic power expected for a person 10
years older than the subject. If a predetermined
postexercise heart rate is not exceeded and no
adverse signs or symptoms are noted the subject
performs a second 3-minute stage (stage B) at an
intensity corresponding to 65% to 70% of the average
aerobic power expected for his or her age group. In
the absence of adverse signs and symptoms, and
provided that the ceiling heart rate is not surpassed,
a final 3-minute stage (stage C) is performed at an

intensity equivalent to 65% to 70% of the aver-

age aerobic power expected for a person 10 years
younger than the subject. In this study the CAFT
was slightly modified in that we measured the blood
pressure immediately after recording the heart rate
at 10 seconds after exercise (i.e., between 15 and 45
seconds after exercise).3'

We predicted the V02 max (in millilitres per
kilogram per minute) from the performance on the
CAFT using the following formula: Vo2 max = 42.5
+ 16.6(V02) - 0.12(W) - 0.12(H) - 0.24(A), where
Vo2 is the average oxygen cost of the last exercise
stage completed, W is body weight (in kilograms), H
is the postexercise heart rate (in beats per minute)
and A is the age (in years).32 On the basis of national

norms28 subjects with a V02 max at or below the
30th percentile for their age group were classified as
being in the low-fitness category, from the 31 st to the
69th percentile in the moderate-fitness category and
at or above the 70th percentile in the high-fitness
category.

We computed descriptive analyses, analyses of
variance, correlations and factor analyses using SAS
statistical software.33 When a significant F was at-
tained (p < 0.05) ScheffW's post-hoc analysis was
performed.

Results

Of the 4082 men tested 1595 (39.1%) were
found to be in the low-fitness category, 1950 (47.8%)
in the moderate-fitness category and 537 (13.2%) in
the high-fitness category (Table 1). The correspond-
ing figures for the 1205 women were 199 (16.5%),
774 (64.2%) and 232 (19.2%).

For both men and women the mean body
weight, BMI, triceps skinfold thickness, sum of four
skinfold measurements, predicted percentage of
body fat and waist-hip ratio were significantly lower
with increasing fitness (Table 1).

For both men and women the mean levels of
total cholesterol, triglycerides, HDL-C and LDL-C
and the mean ratio of total cholesterol to HDL-C
differed significantly between the fitness groups

I Meor) (and standard deviation [SD]);* fitness category

Men

Variable Low Moderate

Women

High Low Moderate

Age, yr 44.1 (6.8)
(n= 1595)

Height, cm

Weight, kg

Bodymass index
(BMI), kg/M2

Triceps skinfold
thickness, mm

Sum of four skinfold
measurements,t
mm

Predicted /%
body fat

Waist-hip ratio

-NS

42.7 (6.3) 43.3 (6.1)
(n = 1950) (n = 537)

178.1 (6.9) 176.7 (6.6)
(n = 1595) (n = 195)
86.0 (11.8) 78.3 (9.4)

(n= 1595) (n=1950)
27.1 (3.3) 25.1 (2.7)
(n= 1596) (n 1950)
15.8 (5.9) 13.0 (4.4)
(n = 1589) (n = 1949)
66.0 (21.0) 53.4 (16.7)
(n= 1585) (n 1944)

27.2 (4.9) 24.1 (4.6)
(n- 1585) (n = 1944)
0.96 (0.05) 0-93 (0.05)
(n =1587) (n=1945)

175.5 (6.5)
(n=537)
73.5 (8.3)
(n = 537
23.8 (22)
(n = 537)
10.8 (3.5)
(n = 536)
44.2 (13.1)
(n = 534)

22.1 (4.4)
(n = 534)
0.91 (0.04)
(n = 537)

NS
r- i

40.4 (6.9) 40.3 (5.6)
(n = 199) (n = 774)

NS

164.5
(n =

73.0
(n =

27.0
(n =

27.4
(n =

83.6
(n =

II --
i (6.0) 163.8
199) (n =

M (13.7) 62.3
- 199) (n =
) (5.1) 23.2
= 199) (n =
1 (8.2) 21.7
= 197) (n-
; (30.5) 60.5
= 197) (n=

35.3 (5.7)
(n= 197)
0.78 (0.08)
(n= 196)

31.5
(n =
0.75
(n =

38.9 (6.0)
(n 232)

1I
(6.2) .163.3 (6.0)
774) (n = 232)
(8.3) 57.4 (6.0)
774) (n- 232)
(3.0) .21.5 (2.0)
774) (n = 232)
(6.3) 17.2 (5.4)
773) (n = 232)
(20.8) 45.9 (14.8)
770) (n = 232)

(4.8) 28.0 (4.6)
770) (n 5 232)
(0.07) 0.73 (0.04)
771) (n.= 231)

CAN MED ASSOC J 1992; 146 (8) 1355

High

*All between-group differences are significant (p < 0.06) except as Indicated. NS m not inificant.
tThe four areas are the skinfolds over the triceps, bicops and subscapular muscles and above the ilium.
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except for the mean HDL-C level for women, the high-fitness group and the worst profile in the
which differed significantly only between the low- low-fitness group.
fitness and high-fitness groups (Table 2). For The mean resting heart rate, resting systolic
each variable the best profile was observed in blood pressure (SBP) and resting diastolic blood

2j44.: :kt<i.sU, fM''
r.inns~ateor

V-ariable

TotaW

Men

Lo-W MOdSFSb HISh10.1-
5.70 (1.06)
(n=1493
(..n--1.7 40*m)

. A 1..
.-M.....L-OW. .,. Nc ...

5.54 1. 534(1.04) 44*7

1.50 (0.7

n=NS

127 (0.3 1) 1.37 $31)M
~(n 1

(f~~Al=I 7'~¶

1.53(. _A ) 1.58 J0
(n =1M) (n 7.)

1) .0

.3.7 .3)3

Mean (ai 0; itness cateorfy
en

VariableLow MOdMS High ~~LOW MSS Hg

71.(11) 65 () 5 8
(n=1523) (n=17) (n.=51)

1Z(16) ~124 (1.4) t$R4.(14)
(n=1520) (n=18S8) (hn=512)

77 (i0) 72(t

(n (n =2-

120 (1.6~ ) 11142
(n =188) (n

86-(10) 82. (9 80 (9.) 79 (10) 76 (9)'f, 73 '.(9)
(n =.1521) (n=1867) (n=512) (n =188) (n =733 (n=-217)

7 (1 152. (19t 131 (1.7)
.(n. tO=(n(n ( '(n =77:4

149 144

4
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pressure (DBP) differed significantly between the
fitness groups for both men and women, with the
exception that there was no significant difference in
the mean resting SBP between men in the moderate-
fitness group and those in the high-fitness group
(Table 3). For both men and women the mean heart
rate, SBP and DBP at stage A of the CAFT were
significantly lower with increasing fitness. The mean
increase in SBP from rest to exercise at stage A was
lower with increasing fitness for both men and
women; the difference between all groups was sig-
nificant except for women in the moderate-fitness
group as compared with those in the high-fitness
group.

The mean predicted V02 max values for men in
the low-fitness, moderate-fitness and high-fitness
groups were 32.9, 38.6 and 42.6 mL/kg per minute
respectively (Table 3). The corresponding values for
women were 25.7, 30.5 and 35.3 mL/kg per minute.
All differences were significant.

The correlation between predicted V02 max and
indices of body composition, blood lipid levels and
cardiorespiratory fitness is shown in Table 4. For
lipid variables the coefficients ranged from 0.15 to
-0.23 for men and from 0.10 to -0.30 for women.
For hemodynamic measurements all the correlations
were statistically significant, the highest being with
heart rate at stage A (-0.35 for men and -0.36 for
women).

Discussion

Directly measured Vo2 max is considered to be
the best indicator of cardiorespiratory fitness.34 In
our study we derived the V02 max from the perfor-
mance on the CAFT. Each subject was then classi-
fied into one of three fitness categories on the basis
of age-specific and sex-specific national percentile
scores. The equation used to predict Vo2 max takes
into consideration the subject's age, weight, heart
rate response and energy cost of the last stage
completed. Although some investigators have ex-
pressed reservations about the use of the CAFT,
particularly in extremely fit people,35'36 it is judged a

satisfactory, practical and useful measurement of
cardiorespiratory fitness for adults.32,37-40 The CAFT
can also provide a valid measure of a group's
average cardiorespiratory fitness level.4' In a clinical
setting without access to expensive laboratory equip-
ment or personnel, and particularly when dealing
with a sedentary or moderately active population,
the CAFT can be a very useful diagnostic and
intervention procedure.27

As a group our subjects were not particularly fit.
Only 13% of the men and 19% of the women were
found to be in the high-fitness group; on the basis of

the normative data28 30% could have been expected

to be classified in this category. Their low fitness
level may be due to the sedentary nature of their
occupation or recreation habits. In fact, a recent
analysis of the pattern of physical activity of the
subjects in our databank indicated that 50% do not
participate in any form of regular exercise. Our
results support the use of Vo2 max predicted from
performance on the CAFT as a valid procedure for
classifying people according to fitness level.4'

The Vo2 max can be improved by 15% to 20% in
previously sedentary people through participation in
physical activity of the appropriate type.32,42-45 The
American College of Sports Medicine recommends
that for apparently healthy people an appropriate
exercise program would consist of 15 to 60 minutes
of aerobic muscular activity performed at an intensi-
ty of 50% to 85% of the Vo2 max three to five times
per week.46 For the average Canadian, exercising
daily at a moderate to vigorous (but not exhausting)
intensity, such as walking to and from work (at 120
to 130 steps per minute) for up to 1 hour, could
provide a sufficient stimulus to improve cardiorespi-
ratory fitness.47'48

In our study the difference in mean predicted
Vo2 max between the low-fitness and high-fitness
groups was 10 mL/kg per minute for both men and
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~ ~ py A.s an

Variable Men Women

Age -0.62 -0.57
Body composition

Height -0.12
Weight -0.41 -0.55
BMI -0.40 -0.54
Triceps skinfold thickness -0.33 -0.51
Sum of four skinfold

measurements ---0.40 -0.56
Predicted % body fat -0.59 -0.66
Waist-hip ratio, -0.41 -0.25

Blood lipid levels
Total cholesterol -0.18 -0.29
Triglycerides -0.22 - 0.28
HDL-C 0.15 0.10
LDL-C -0.15 -0.28
Ratio of total cholesterol

to HDL-C -0.23 -0.30
Cardiorespiratory fitness

Resting heart rate -0.33 -0.28
Resting SBP -0.19 -0.32
Resting DBP -0.22 -0.31
Heart rate at stage A -0.35 -0.36
SBP at stage A -0.21 -0.32
DBP at stage A -0.16 -0.22
lncrqase in SBP from rest

to exercise at stage A -0.08 - 0.13.
No. of stages completed 0.56 0.55

A11 oorrelations are significant at p < 0.0001 except for HDL-C in
women only (p < 0.001).
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women; thus, particularly for people who are not
already physically active, it should be possible for
those in the low-fitness and moderate-fitness groups
to achieve a level of aerobic power equivalent to that
of people in the high-fitness category with appropri-
ate physical training. Such an improvement in car-
diorespiratory fitness is likely to be associated with
concomitant reductions in CHD risk factors. Indeed,
numerous studies have shown that an improvement
in aerobic fitness favourably influences body compo-
sition, lipid levels, insulin receptor density, glucose
clearance, blood pressure and fibrinolytic activity of
plasma. 14-25

We calculated the proportions of subjects with
abnormal resting heart rate, blood pressure at rest
and during exercise, and lipid levels (Table 5).
In general, the lowest proportions of subjects at
risk for CHD were in the high-fitness group, and
the highest proportions of subjects at risk were in
the low-fitness group. For instance, 48% of the
men in the low-fitness group, 44% of those
in the moderate-fitness group and 22% of those in
the high-fitness group had an elevated ratio of
total cholesterol to HDL-C; the corresponding

values for women were 20%, 1 1% and 5%.
People who are normotensive or borderline

hypertensive at rest but who show an exaggerated
blood pressure response to exercise are at higher risk
for sustained hypertension.5'-4 Such a response may
be an early and sufficiently sensitive indicator of the
gradual anatomic restructuring occurring in the heart
and resistance vessels and of the dynamics character-
istic of sustained hypertension.55-57 Normative data
for blood pressure response to the CAFT immediate-
ly after exercise were recently developed for men and
women aged 20 to 69 years, and threshold values
were established.3' Frequency analysis indicated that
17% of the men and 32% of the women in the
low-fitness group in our study demonstrated an
exaggerated SBP response to exercise (mean increase
in SBP from rest to exercise of 45 mm Hg or more
for men and 35 mm Hg or more for women),
compared with 5% of the men and 8% of the women
in the high-fitness group. Furthermore, 5% of the
men and 10% of the women in the low-fitness group
showed a grossly exaggerated SBP response (mean
increase in SBP of 60 mm Hg or more for men and
50 mm Hg or more for women), compared with only

s=4o2r N W n(n=- 0e*2
Low l _as Hligh Low Modera Kgh

I
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1% of the men and 2% of the women in the
high-fitness group.

We recognize that cross-sectional data cannot
demonstrate that regular physical activity leading to
enhanced aerobic fitness by itself accounts for the
differences in CHD risk factors observed in our
study. Some of these differences may be related to
lower body mass and body fat. However, it is well
accepted that regular exercise favourably influences
body composition. Heredity undoubtedly exerts a
strong influence on body composition, aerobic power
and indices of physiologic fitness as well as on the
magnitude of any improvements that may be
achieved through physical training.58 Nevertheless,
our results reinforce the notion that a higher level of
aerobic fitness is associated with a more favourable
CHD risk profile.

In our study for both men and women there
were significant differences between the fitness
groups in measures of total body fat, distribution of
body fat, blood lipid concentrations and hemody-
namic variables. Mean values were consistently most
favourable in the high-fitness group and least fa-
vourable in the low-fitness group. The gradation in
mean scores for each of the variables shown in
Tables 1, 2 and 3 suggests that there tends to be
progressively greater benefit to health with increas-
ing level of cardiorespiratory fitness, at least over the
Vo2 max range of 19 to 55 mL/kg per minute for
men and 15 to 41 mL/kg per minute for women.
There is no apparent threshold or minimum value
for V02 max; thus, it may be concluded that the
greater one's level of cardiorespiratory fitness, as
defined by predicted Vo2 max, the more favourable
one's CHD risk profile. This is an important consid-
eration, since it has been suggested that moderate
fitness levels or modest levels of participation in
physical activity appear sufficient to reduce the risk
of CHD.'0

This study was supported in part by a grant from the
Development Fund of the Faculty of Health Sciences,
University of Ottawa.
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